ABSTRACT. This study explored the effects of levothyroxine (L-T4) replacement therapy on pregnancy outcomes in patients with subclinical hypothyroidism (SCH). We analyzed the effects on pregnancy outcomes with respect to gestational week when the desired thyroid-stimulating hormone (TSH) level was reached as well as the length of time required to reach the target level during L-T4 treatment. This study enrolled 457 patients diagnosed with SCH upon initial thyroid function screening. Subjects were assigned to the treatment group (N = 184), and the control group (N = 273). Two variables were analyzed in the treatment group: the gestational week when the target TSH level was achieved and the length of time required to reach the target level during treatment. Based on these criteria, the treatment group was further divided into subgroups, including three subgroups based on the time required to reach target levels (<4 weeks, 4-8 weeks, and >8 weeks) and gestational week when the target TSH level was achieved (before the 12th, between the 12th-28th, and after the 28th gestational week). The overall risk of complications in the control group was significantly higher than in the treatment group (P < 0.05). After L-T4 treatment, the incidences of premature rupture of fetal membranes (PROM), gestational diabetes mellitus, fetal macrosomia, and postpartum hemorrhage in the group with treatment duration <4 weeks were significantly lower than those in the groups with 4-8 and >8 weeks treatment duration (P < 0.05). L-T4 treatment can significantly reduce the risks of adverse pregnancy outcomes in pregnant women with SCH. The shorter the treatment duration required to reach the target TSH level and the earlier the gestational week when the target TSH level is achieved through treatment, the lower the incidence of complications.
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INTRODUCTION
The effects of subclinical hypothyroidism (SCH) on pregnancy outcomes and whether SCH in pregnant women should be treated remain controversial. The "Guidelines for Diagnosis and Treatment of Thyroid Disease during Pregnancy and Postpartum", jointly developed by the Chinese Society of Endocrinology and the Chinese Society of Perinatal Medicine, state that "SCH during pregnancy increases the risks of adverse pregnancy outcomes as well as brain damage and neurodevelopmental sequelae in the offspring, but due to the lack of scientific evidence, this guideline neither opposes nor recommends L-T4 treatment for SCH in pregnant women with negative test to thyroid peroxidase antibodies (TPOAb)" (Chinese Society of Endocrinology and Chinese Society of Perinatal Medicine, 2012) . The "Guidelines of the American Thyroid Association for the Diagnosis and Management of Thyroid Disease during Pregnancy and Postpartum" (2011) state that "SCH is related to adverse maternal and fetal outcomes. However, due to the lack of randomized controlled trials, there is insufficient evidence to clarify whether L-T4 treatment should be recommended for SCH women with negative thyroglobulin antibodies (TgAb) during pregnancy" (Stagnaro-Green et al., 2011) . Given that both guidelines acknowledge that SCH during pregnancy can increase the incidence of adverse pregnancy outcomes, and studies have reported that early levothyroxine (L-T4) replacement therapy can prevent progression of SCH to CH (Helfand and Redfern, 1998) and significantly improve symptoms and signs. Given that SCH may cause adverse pregnancy outcomes for mothers and infants, based on examination of the pros and cons, most experts and guidelines recommend treatment.
In the present study, L-T4 was used as a therapeutic intervention and the enrolled SCH pregnant patients were fully informed. This study aimed to provide evidence for the clinical treatment of SCH in pregnant women by analyzing the effects of therapeutic interventions on pregnancy outcomes as well as differences in unexpected pregnancy outcomes according to durations required for serum TSH levels to achieve therapeutic standards with L-T4 treatment and the gestational weeks at which serum TSH levels reached the therapeutic standard during treatment.
MATERIAL AND METHODS

General information
The subjects enrolled in this study included patients with SCH who gave birth and were registered in the maternity clinic at Beijing Friendship Hospital of Capital Medical University between October 2010 and September 2013. The inclusion criteria included: 1) patients without internal medicine and surgical chronic diseases such as chronic hypertension, diabetes mellitus, endocrine disorders, history of thromboembolism, severe gastrointestinal/ cardiopulmonary/liver diseases, or cancer before pregnancy; 2) patients without thyroid disease and autoimmune diseases before pregnancy (i.e., type 1 diabetes mellitus and systemic lupus erythematosus); 3) patients with live singleton confirmed by early B-ultrasound; 4) patients without a history of infertility or assisted reproduction; 5) patients not receiving treatment with thyroid hormones or antithyroid drugs; 6) patients with a median urine iodine concentration of 156.43 ± 9.21 mg/L during early pregnancy; and 7) patients negative for TPOAb. A total of 457 qualified subjects who were screened, diagnosed, and confirmed to meet the inclusion criteria were divided into treatment (N = 184) and control (N = 273) groups.
The study protocol was approved by the Ethics Committees of Beijing Friendship Hospital of Capital Medical University, Beijing, and all participants provided written informed consent.
Diagnostic criteria
Using the 2.5th and 97.5th percentiles as the lower and upper limits of the normal values for thyroid stimulating hormone (TSH) and free thyroxin (FT4), a normal reference range of specific thyroid function during gestational weeks was established. Patients with TSH levels greater than the 97.5th percentile and FT4 levels at or above the 2.5th percentile and less than or equal to the 97.5th percentile were diagnosed with SCH.
Treatment
The treatment protocol adopted in this study was based on the recommendation in China "Guidelines for Diagnosis and Treatment of Thyroid Disease during Pregnancy and Postpartum" (2012): "III. SCH treatment and monitoring frequency in pregnancy are the same as in any other clinical hypothyroidism, for which the initial dose of L-T4 is determined based on the elevation of TSH level and the dose of L-T4 can be adjusted according to the TSH treatment goals". The treatment target concentration was set as a serum TSH level lower than the upper limit of the specific reference value during pregnancy (97.5th percentile). Subjects included in the study received treatment with oral L-T4 (Euthyrox, Merck Pharmaceuticals, 100 µg/tablet) (Chinese Society of Endocrinology and Chinese Society of Perinatal Medicine, 2012).
Study parameters
Adverse pregnancy outcomes in the two groups of patients included premature rupture of fetal membranes (PROM), fetal macrosomia, gestational diabetes mellitus, hypertensive disorders in pregnancy, postpartum hemorrhage, preterm labor, oligohydramnios, fetal distress, and low birth weight (LBW).
Statistical methods
IBM SPSS Statistics for Windows, version 19.0 was used for statistical analysis. The enumeration data are reported as percentages (%) and intragroup comparisons were tested using c 2 tests. Measurement data are reported as means ± standard deviations and intragroup comparisons were tested using t-tests. P < 0.05 indicated statistically significant differences.
RESULTS
General study and control subjects characteristics
General characteristics, including age, body mass index (BMI) at the first gynecological examination, body weight, exponential growth during pregnancy, baseline TSH level, and gestational week at the time of diagnosis, were compared. The differences in the general characteristics were not statistically significant (P > 0.05), indicating that the two groups were similar (Table 1 ).
Baseline TSH is the level at the time of the first gynecological examination (the time of enrollment) TSH, thyroidstimulating hormone; BMI, body mass index. 
Comparison of pregnancy outcomes between the two groups
The overall risk of pregnancy complications in the control group was significantly higher than that in the treatment group [odds ratio (OR) = 1.219, 95% confidence interval (CI) = 1.139-1.304], a significant difference (P < 0.05). Intergroup comparison demonstrated that the risks for gestational diabetes mellitus (OR = 1.938, 95%CI = 1.267-2.964) and fetal macrosomia (OR = 3.081, 95%CI = 1.783-5.326) in the control group were significantly higher than those in the treatment group, and the differences were significant (both P < 0.05). The differences in the risks for PROM, pregnancy hypertension, preterm labor, oligohydramnios, postpartum hemorrhage, fetal distress, and LBW between the two groups were not statistically significant (all P > 0.05) ( Table 2) .
Pregnancy outcomes in the study group and impact of the treatment duration required to achieve the target serum TSH levels Depending on the duration of treatment required to reach the target TSH level, the treatment group was divided into three subgroups (<4, between 4 and 8, and >8 weeks). The intragroup differences in pregnancy outcomes between the three subgroups were analyzed using c 2 tests (Table 3) .
OR, odds ratio; CI, confidence interval; PROM, premature rupture of fetal membranes; LBW, low birth weight. The group with a treatment duration <4 weeks had a significantly lower incidence of PROM, gestational diabetes mellitus, fetal macrosomia, and postpartum hemorrhage compared to the group with treatment duration 4-8 weeks (P < 0.05). The group with a treatment duration <4 weeks had a significantly lower incidence of PROM, gestational diabetes, fetal macrosomia, premature delivery, postpartum hemorrhage, and LBW infants compared to the group with treatment duration >8 weeks, a statistically significant difference (P < 0.05).
Pregnancy outcomes in the study group and the impact of the target TSH value according to gestational age
The treatment group was also divided into three subgroups according to the gestational week when the target TSH level was reached after treatment: gestational age <12 weeks, 12-28 weeks, and >28 weeks. The difference in the incidence of complications between the three groups was measured using c 2 tests (Table 4 ). The group with gestational age <12 weeks had a significantly lower incidence of PROM, gestational diabetes mellitus, and fetal macrosomia than did the 12-28-week gestation group, a statistically significant difference (P < 0.05). The group with a gestational age of 12 weeks had a significantly lower incidence of PROM, fetal macrosomia, hypertensive disorders in pregnancy, and postpartum hemorrhage than did the >28-week gestation group, a statistically significant difference (P < 0.05). The 12-28-week gestation group showed a significantly lower incidence of postpartum hemorrhage than did the >28-week gestation group (P < 0.05).
P1: comparison between the group with gestational age <12 weeks and the group with gestational age 12-28 weeks; P2: comparison between the group with gestational age <12 weeks and the group with gestational age >28 weeks; P3: comparison between the group with gestational age 12-28 weeks and the group with gestational age >28 weeks. TSH, thyroid-stimulating hormone; PROM, premature rupture of fetal membranes; LBW, low birth weight. 
DISCUSSION
TPOAb is a serological marker of autoimmune thyroid disease that more commonly affects pregnant women. Hence, TPOAb is associated with adverse pregnancy outcomes (Lin et al., 2014) . The impact of TPOAb-negative SCH on pregnancy outcomes and the necessity of medical treatment remain controversial, both at home and abroad. We addressed these controversies through a prospective cohort study. Our study group included TPOAb-negative pregnant women with SCH identified in the early pregnancy period during thyroid function screening. This study analyzed the necessity of medical treatment based on adverse pregnancy outcomes in the absence of L-T4 treatment, the gestational week when the desired TSH level was reached, and the duration of treatment required to reach the desired TSH level.
The effects of SCH on pregnancy and its outcomes at home and abroad are controversial. A previous study found that the pregnancy complications associated with SCH include gestational hypertension, preeclampsia, preterm labor, LBW, placental abruption, and postpartum hemorrhage (Helfand and Redfern, 1998) . Another study reported that the incidence of gestational diabetes mellitus in pregnant women with SCH could reach 47% (Gallas et al., 2002) . Casey et al. (2005) showed that the risk of adverse pregnancy outcomes in pregnant women treated for SCH was 2-3 times higher than that in pregnant women without treatment. Haddow et al. (1999) reported that pregnant women with SCH had decreased maternal-fetal thyroid hormone transportation, causing harm to fetal brain development (Hollowell et al., 1999) . In a prospective multicenter fat-adapted-substrate oxidation in-trained-elite-runners study by Cleary-Goldman et al. (2008) , thyroid function screening during early and midpregnancy stages of 10,990 pregnant women did not show a significant correlation between SCH and adverse pregnancy outcomes (Cleary-Goldman et al., 2008) . Domestic studies have reported similar findings; Liu et al. (2009) found that the maternal and fetal outcomes of women with SCH during pregnancy showed no differences compared with the control group. The indicators for adverse pregnancy outcomes in this study were selected mainly based on previous research findings. For example, Helfand and Redfern (1998) reported that SCH-associated pregnancy complications include gestational hypertension, preeclampsia, preterm labor, LBW, placental abruption, and postpartum hemorrhage. Based on domestic and international guidelines, this study selected L-T4 as the first choice for thyroid hormone replacement therapy in pregnant women because the main role of the thyroid hormone is to increase metabolic activity and thus facilitate growth and development. Fetal development, especially brain development, depends on adequate maternal T4 levels, rather than T3 levels (Wartofsky, 2013) . This study revealed that the overall risk of pregnancy complications in untreated SCH pregnant women was significantly higher than that in the L-T4 treatment group. Specifically, the risk of gestational diabetes mellitus was 1.938 times higher and the risk of fetal macrosomia was 3.081 times higher at the same time. Furthermore, the differences in the risks of PROM, hypertensive disorders in pregnancy, preterm labor, oligohydramnios, postpartum hemorrhage, fetal distress, and LBW between the treated and untreated groups were insignificant. These findings are consistent with those published by Negro et al. (2010) that administration of L-T4 to pregnant women with SCH can reduce the occurrence of pregnancy complications.
Fetal thyroid gland begins to secrete thyroid hormone from 12 weeks of gestation and the hypothalamic-pituitary-thyroid axis is functionally established at 18-20 weeks of gestation, indicating the maturity of thyroid function. Therefore, the thyroid hormone required by the fetal brain development before the 20th gestational week mainly comes from the mother's thyroid gland. Important brain developmental events that are closely related to thyroid hormones, such as neuron proliferation and migration in the brain, begin at the 12th gestational week (Rovet, 1999) . Abalovich et al. (2007) retrospectively analyzed pregnancy outcomes in 114 pregnant women with hypothyroidism, including 52 cases of clinical hypothyroidism and 62 cases of SCH. They found that among the pregnant women with hypothyroidism who did not receive sufficient L-T4 therapy, 60% of patients with clinical hypothyroidism had miscarriage and 20% had preterm labor, while 71.4 and 7.2% of patients with SCH had miscarriage and premature labor, respectively. However, they discovered that among the pregnant women with hypothyroidism successfully treated with L-T4, 100% of patients with clinical hypothyroidism and 90.5% of SCH patients had full-term labor, with a zero incidence rate of miscarriage. They concluded that the key factor deciding the impact of hypothyroidism on pregnancy is unrelated to the clinical or subclinical type, but rather whether timely and adequate treatment if offered; hence, hypothyroidism during pregnancy requires regular monitoring. Replacement therapy should be adjusted in a timely manner based on monitoring results. They also concluded that adverse pregnancy outcomes can be prevented through timely and effective treatment (Abalovich et al., 2007) . Yu et al. (2010) believed that SCH diagnosed before the 8th gestational week could result in neuropsychological and motor function deficits in offspring and timely L-T4 treatment might restore the offspring's intelligence level to a level comparable to the offspring of a normal pregnancy. Thus, Yu et al. (2010) proposed that treatment for hypothyroidism should be initiated before the 12th week of gestation. Moreover, they stated that fetal brain development might still be impaired even if the hypothyroidism during pregnancy is mild and asymptomatic. Clinical studies have shown that an increasing need for thyroid hormone (or exogenous L-T4) begins within the first 4 to 6 weeks of pregnancy and is gradually enhanced from 16 to 20 weeks of pregnancy, ultimately reaching a steady state until delivery (Yu et al., 2010) .
By studying the impact of the duration of treatment required to reach target TSH levels on pregnancy outcomes in the treatment group, the present study found that the incidences of PROM, gestational diabetes mellitus, fetal macrosomia, and postpartum hemorrhage in the group with a treatment duration <4 weeks were significantly lower than in the groups with treatment durations of 4-8 weeks and >8 weeks. In addition, the incidences of preterm labor and LBW were significantly decreased in the group with treatment duration <4 weeks compared to those in with treatment duration >8 weeks but did not show any significant differences compared with those in the group with a treatment duration of 4-8 weeks. The differences in the incidences of all complications were not significant between the group with treatment duration of 4-8 weeks and the group with treatment duration >8 weeks. These results suggest that the shorter the time required to reach the target serum TSH level after treatment, the fewer complications. In particular, in patients who achieved the target level within four weeks, treatment effectively reduced the incidence of pregnancy complications. In addition, this study investigated the impact of the gestational week when the target TSH level was reached on pregnancy outcomes. Our results demonstrated that the incidences of PROM, gestational diabetes mellitus, and fetal macrosomia in the group with gestational age <12 weeks significantly decreased compared to the groups with gestational ages of 12-28 weeks and >28 weeks. The incidences of gestational hypertension and postpartum hemorrhage in the group with gestational age <12 weeks were significantly lower than those in the group with gestational age >28 weeks, while the group with a gestational age of 12-28 weeks had a significantly reduced incidence of postpartum hemorrhage compared to the >28-week group. These results suggest that the earlier the gestational week when the target serum TSH level was reached in pregnant women with SCH, the lower the incidence of complications. The incidence of pregnancy complications can be most effectively reduced when the desired level is reached before the 12th week of gestation. These findings are consistent with those published by Abalovich et al. (2007) and confirmed that timely and effective treatment of SCH can reduce the occurrence of adverse pregnancy outcomes.
The results of this study support the conclusions that L-T4 replacement therapy is necessary for treatment of SCH during pregnancy and that treatment should be timely and should reach treatment goals as quickly as possible in order to effectively reduce the incidence of adverse pregnancy outcomes. However, this study was limited by its small sample size; the conclusions require confirmation in large-scale prospective randomized controlled studies. Furthermore, the subjects included in this study did not undergo thyroid function evaluations before pregnancy, making it impossible to assess the impact of SCH illness duration on pregnancy outcomes and medication efficacy.
